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1. 

EFFECT  OF  OIJ,  INJECTION  INTO  THE  CYLINDER 
OF  A  GAS  ENGINE. 

TJie  rapid  increase  in  the  application  nf  the  gas  engine  as 
a  prine  mover  stintiilaten  scientific  investigation  with  the  object 
of  overcoming  some  of  its  most  prominent  defects,  namely,  its 
uneven  crank  eff'ort,  and  the  inflexibility  of  its  wor'King  diagram, 
which  "lit  im  erfectly  adaptn  its^^lf  to  the  resistance  offered. 

The  majority  of  gas  eng^nef^  at  the  present  tine  work  under  the 
Otto  cycle:  drawing  in  the  charge  during  the  first  stroke,  comprer d- 
ing  this  charge  during  the  second  stroke,  at  the  end  of  which, 
explosion  takec  place.  Exparsion  of  the  ppoducte  of"  combustion, 
(approximately  adiabatic),  produces  the  crank-effort  during  the 
third  stroke.  The  fourth  stroke  cleanse??  the  cylinder  of  the  spent 
gases.  The  crank  effort  is  produced  by  a  sudden  blow  when  the 
crank  is  near  th'^^  dead  center:  the  presrure  rising  instantaneously 
and  dropping  almost  im.iediately.  From  the  thermodynamic  stand  point, 
this  cycle  is  analyzed  as  follows ;- 

L 


From  N  to  0  the  gas  is  compres^  ed  adiabatically  from  armospheric  p 

pressure. 

Froia  0  to  L  the  gas  receives  heat  isometrically. 

From  L  to  M  the  gas  is  expanded  adiabatically  to  some  value  above 

the  atmospheric. 

From  M  to  N  the  gas  is  coftled  isometrittally  to  atmospheric  pressure. 

1797? 
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Let  the  heat  added  fron  0  to  L  =  H3_ 

Let  tjie  heat  rejected  from  M  to  N  =  Hg 

then  H^  =  fT  -T  )C 
1     L   0  V 

the  e  Tlcieney,  e  =»  ,^a~% 

H 

or       e-  '^-(Tu-T^)-Cv(T,^-Tr^) 

to  ^V  \''-   ~'o) 

Tffhich  reduces A the  equation 

but  Tm  K^*"'' =  Ti.  v^""' 

and  Tv  V„'"'  =  ToV.''"' 

therefore  ^  =  ^ 

then  T^i-Ti;^  =  1^  ^  X'^  --iTr-) 


whence 


^  =  '-(^J 


K-/ 


The  value  of  K  for  a  mixture  of  8:1  Is  approxlmatftly  1.37 
This  equation  shows  that  the  efficiency  is  dependett  onl")f  on  the 
compression. 

As  previously  stated,  this  cycle,  although  efficlenf  fron  the 
tjiermodynamic  standpoint,  does  not  allow  uniform  crank- effort , 
or  flexibility  in  its  working  diSiagram,  In  the  steam  eggine,  these 
qualities  are  obtained  by  a  period  of  constant  presrure  before  the 
expansion.  The  length  of  this  constant  yressure  period  may  be  var- 
ied to  suit  the  conditions.  The  result  is  that  a  nice  degree  of 
governmeht  is  obtainable,  allowing  alternators  on  separate  engines 
to  be  run  in  synchronism.  At  present  thin  is  not  obtainable  in  the 
gas  engine.  Although  the  uncertainty  of  the  propagation  of  the 
flame  is  one  drQwba-k,  this  is  subordinated  to  the  undesirable 
distribution  of  energy  in  the  cyclF, 

The  principles  which  suggest  themselv-s  as  offering  possible 
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remedlen  nay  ^be  found  in  the  modern  Diesel  Bngine,  and  in  the  old 
Brayton  Engine  in  1860, 

The  Diesel  Engine  uses  oil  which  is  forced  into  the  cylinder 
"by  a  sMall  oil  rump.  The  first  stroke  of  the  engine  drawr^  in  air 
only:  the  secord  stroke  coTapresr:es  this  ait  to  the  enormous  pressure 
of  500  lbs.  per  square  incii.  This  comprer'  ion  heats  the  'ir  to 
such  a  point  that  the  oil  injected  bums,  producing  a  constant 
temper  tn. re  expansion  for  a  short  period,  till  the  oil  supply  is 
cut  off,  when  the  products  of  combustion  expand,  a-proachlng  the 
adiabatic  line.  The  cycle  is  as  follows ;- 


|D 

From  A  to  B  adiabatic  compression  from  atmospheric  pressure. 
From  B  to  0  addition  of  heat  isotherraally. 

From  0  to  D  adiabatic  expansion  to  pre^^sure  above  atmospheric. 
From  D  to  A  coftling  isometrically  to  atraospherdiE  pressure. 

The  Brayton  engine  hastwo  cylinders,  one  a  compresr ing  pump 
and  the  other  the  motor.  They  are  of  the  same  diameter.  The  stroke 
of  the  purap^is  half  that  of  ^he  motor  cylinder.  The  pump  compresses 
the  mixture  to  a  pressure  between  60  and  80  pounds  per  square  inch. 
The  motor  cylinder  takes  its  supply  from  an  intermediate  receiver. 
The  mixture  itself  n-^ver  enters  the  motor  cylinder.  What  does  enter 

is  a  large  flame.  A  grating  prevents  this  flame  from  passing  back. 
By  suitable  val-^'^es,  this  flame  is  increased  and[diminished.  The 
products  of  combTlstion  are  expanded  in  the  motor  independent  of  the 

recei'"'er.  The  result  is  a  constant  -rresr-ure  line  before  the  adia- 
batic expansion.  The  cycle  is  as  follows:- 
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Prom  A  to  B  adlabatic  coraprescion  from  atmospheric  -'^re^-^sure. 
From  B  to  0  ad^i-ltion  of  heat  isopiestioally. 
FrO'Q  C  to  D  adiabatic  expansion  to  pressiire  ahove  atmosphere. 
From  T)   to  A  oooling  Isometrically  to  atmospheric. 

Although  little  po  er  is  developed  in  a  reasonable  size  of 
this  type  of  engine,  and  conr-:id8ra'ble  di-"ficulty  is  experienced 
with  clogging,  the  engine  has  the  distinct  advantage  of  uniform  and 
easily  controllable  crank  eff'ort. 

After  a  thoroTaggi  investigation  in  the  comparison  of  these  three 
cycles ,'*Hutton  concludes  that  if  the  mass  of  gas, heat  supplied  and 
compression  is  the  same  for  the  three  cycles  mentioned,  namely,  the 
Otto,  Diesel  and  Brayton,  the  same  vor^'   will  be  done  and  consequent- 
ly the  sane  efficiency  will  be  obtained.  HS  has  also  found  the  follow 
ing  conditions  to  be  true;- 

Lowest 
Maximum  temperature  Camot 
Pressure  range      Brayton 
Voli:ime  r-.nge        Otto 
Temp^ature  range     Carnot 
M.E.P.  Carnot 

Pressure  range+M.F. p. Brayton 

It  may  be  s  en  according  to  the  above  talle  that  iither  the 

Brayton  or  Otto  cycles  have  that  degree  of  x}uality  which  is  most 

desirable.  For  example,  a  low  volume  range  is  desirable:  the  Otto 

cycle  has  this  qilality:  the  temperature  range  of  the  Brayton  is 

only  exceeded  by  the  Carnot.  The  maximum  temperature  of  tlie  Brayton 

is  the  lowest,  while  the  Otto  has  the  highest  lI.E.P.,a  quality 

which  is  very  desirable. 

These  results  sugrre.ot  ad^^ltional  reasons  why  a  combination 
#  See  Button's '"T]:e  Gas  Engine,"  p.  405  ff . 


.ennediate 

Highest 

Brayton 

Otto 

Carnot 

Otto 

Brayton 

Carnot 

Brayton 

Otto 

Brayton 

Otto 

Carnot 

Otto 

5. 
Of  the  Brayton  and  the  Otto  cycles  would  be  desirable.  The  com- 
bined cycl"  would  be  as  ^oIIowg;- 

C ^D 


From  A  to  B  adiabatic  coinpreBBlon  from  atmospheric  prespure. 

Prom  B  toC  addition  of  heat  Isoraetrically. 

From  C  to  D  addition  of  heat   isopiestlcally. 

From  I)  to  E  adiabatic  expansion  to  rressure  above  atmosphere. 

rrom  E  to  A  cooling  isonietrically  to  atmospheric  pressure, 

FroT.  the  thermodynamic  standpoint  this  cycle  is  analyzed  as 
follows:- 

Let  Pg^,  p-j^,  VQ*eto,-   absolute  pressure  at  A,  B,  ':!,etc, 
Va»  "^b*  VQ,etc,=  voli-imes  at  A,B,C,etc. 
Ta»  Ttj,  TQ,etc.ss  absolute  temperatures  at  A,B,0,etc. 

Since  the  mixture  in  the  engine  Is  to  be  considered  as  a 
"perfect"  gas,  it  will  le  weil  to  give  the  fundamental  laws  gov- 
erning such  gases. 

1.  Boyle's  Law.- The  product  of  "olume  and  temperature  remain 
constant  as  long  as  the  temperature  is  constant. 

p,  V,  =p^Vj-  constant. 

2.  Gay-LusE-'c' s  Law.- At  constant  pressures,  th^^  absolute 
temperatures  are  proportional  to  the  volumes. 

3.  Combination  of  both  laws:- 

T.  Tz 

Each  event  of  the  cycle  will  now  be  considered,  and  its  con- 
ditions in  regard  to  pressure,  -'olume  and  temperature  determined. 
At  the  begi  fining  of  the  cycle  A 

Va=  volume  if  cylinder  and  clearance 


-^n  it,©?- . 


-•-.t 


6. 

Pa-  atmospheric  pressure. 
Ta=  room  temperature  plus  461*^  F. 
Prom  A  toB  we  have  adlaVatio  compression,  after  which 
Vb  =  cleaiian.ce  volunie 

Where  k  is  the  ratlo^ of  the  specific  heats  of  the  mixture, 
and  equals  about  1.37 

Prom  B  to  0   an  amount  of  heat  Hi  is  added  Asometricnlly  and 
since  the  volume  remains  constant,  we  have  from  Gay-Lussaos  Law 

'b 

The  increase  in  temperature  from  B  to  C  is 
Tc-T,  -^ 

where  Cy  is  the  specific  heat  at  constant  volume. 

Prom  0  to  D  an  amoimt  of  heat  equal  to  Hg  is  added  isopiestac- 

ally. 

The  rise  in  temperature  is 

7"    T  =  A/ 2. 

where  c^  is  the  specific  heat  at  constant  pressure.  The  temj*- 
erature  at  T^  is  therefore  ,   k-a  ., 


Since  the  pressure  is  constant,,  the  voUiume  will  follow  Gay- 
Lusrac's  Law  ^     -^ 

Prom  C  to  E  we  have  adiabatlc  expansion  to  some  vaUrue  above 
the  atmosphere  whose  pressure  will  equal 
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But  v^  =  v^ 

Therefore     p^  =■  p^  ^/Y^) 
The  temperature  during  an  adiabatic  expansion  is 


From  E  to  A  coaling  occurs  isometrioally,  and  an|amount  of 
heat  H3  is  abstracted  when  the  gas  is  fin  lly  reduced  to  its  inltidl 
condition 


H3  =  Cy(Te-T^) 


The  amount  of  heat  converted  into  work  in  this  cycle  is  the 

difference  between  the  amount  of  heat  supplied  and  the  heat  rejected 

and  the  work  equivalent  is  then  equal  to 

W  =  j(Hi+H2-H3) 

s  JfHi+Hg-Cv^Te-Ta)) 

The  th^al  efficiency  is   tlae  amount  of  heat  converted,  into 

work  divided  by  the  heat  put  in. 

H,-f-H2-H3  H,-hHz-c„(T^-ra) 

But  H,  =  Cv(t<.-tJ 

^^■'  (^p(Td-Tc) 

Therefore  eff  =  <^*(Tc -Tb)~  Cy^e-T^  +  Cp   (Jct  -Tc  ) 

^k(Tc-t^;  tCpCr^.T^) 

Substituting  K   for  §^ 


and  tJ  for  (^j 


If- 1 


^   .0.  ^) 
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the  equatior  final ly  reduces  to^ 


^  roTiy^--''-' 


It  may  be  noted  tiiat  the  value  of  the  ef-f"iciency  of  thie  nevr 
cycle  is  of  the  same  form  as  the  Otto  cycle:  depending  entirely 
upon  the  comprenrion  cur^^e. 

Thre'^'  possible  methods  for  obtaining  an  approxivaation  of  this 
cycl-"  presented  themselves-; 

1.  Injection  of  gas  and  air  into  the  cyiinder  ira.ediately 
after  explosion. 

2.  Pumping  of  oil,  in  snail  quantities,  and  air  directly  into 
the  cylinder  im:edl~tely  after  explosion  of  the  gas  mixture. 

3.  Forcing  oil  and  air  into  the  cylinder  in  proper  quantities 
and  Inter'^als  by  pneumatic  pressure. 

The  first  and  second  methods  were  abandoned  as  they  involved 
the  construction  of  apparatus  prohibitive  iti  the  available  time. 
The  third  method  was  adopted  because  of  the  simplicity  of  apparatus 
required.  Most  of  which  was  at  hand.  Tiie  uncertain  quantity  was  the 
pump  which  was  to  supply  and  maintain  the  pressure. 

Before  constructing  the  apparat.tis  al'O'Tlng  the  injection  c4f 
oil,  the  probable  quantity  v:h"'ch  miist  be  used  per  stroke  must  be 
estiraateri.  As  a  prelliilnary  ectimation,  this  quantity  was  r;alcul- 
ated  on  the  hea-  basis,  allowing  suf'<^icient  oil  to  increase  the 
original  card  by  one  half.  The  follo^^ing  data  upon  which  the  cal- 
culations were  base  was  obtained  f ro i  the  7  H.P.  PalrbanKs  Gac 
Engine  to  ^^^  used.  These  quantities  are  the  result  of  a  four  hour 
T\m   -^vith  illunrinating  gas. 

Gas.  consumed  per  hoiir,(30"  Hg.,620)   166.15  cu.ft. 
Heating  value  of  gas,    600  B.T.U.  yer  cu.ft. 


9. 
Explosions  per  ininute  104. 

The  total  B.T.U.  consurned  per  hour  is 

600  X  16G.15  =  9G700  B.T/'. 
Tlie  B.T.U.  per  explosion  is  therefore 

60x104 
To  increase  the  card  "by  one  half,  assuming  no  change  in  effic- 
iency requires  the  addition  of  8,6  B.T.U. per  explosion,  or  875 
B.T.U.  per  minute.  With  a  heating  va-flcae  of  1900  B.T.U.  per  pound 
at  a  specific  gravity  of  ,8  the  amount  of  kerosene  required  per 

minute  would  "be 

..^^^  ■=  ,047  l"bs  of  kerosen*  -per  minufee 
19000 

1  lb.  of  kerosene  occupies  34.5  cu.  in. 
.0471138,  occupy  1.63  cu,in, 

.iMl      "  .015  cu,in. 

104 

In  other  vrords,  the  maxinnim  quantity  of  oil  used  per  explosion 
would  be  ,015  cu.  tn.  or  .000154  fal. 

The  amount  of  air  required  for  the  complete  and  perfect  com- 
bustion of  the  oil  is  calculated  as  follows  with  kerosene  of  85'foO 
and  12-  H  burning  to  CO2 

C  +  02=  OO2 
from  t'  e  atomic  weights  12  +  32  ss  4:^ 

then  12  lbs.  of  carhon  require  32  lbs,  of  oxygen 
.85  lbs.  require         2.2611)3.  . 

The  hydrogen  during  combustion  i-  converted  into  steam 

HgfO  -  HgO 

from  the  atorai^  weights     2  +16=  18 


then  2  lbs. of  hydrogen  require  16   lbs. of  Oxygen 
.12   "      "  "  «       ^X.12=   .oe   lbs. 

Therei&ore  1  lb.   of  kerosene  reqiires  2.26  -*-  ,96  or  3.22  Ibr ,   of 

oxygen, 

.23  of  air  is  oxygen, 


therefore  — 2a2*j  or  14  1-^0,  of  air  are  recfl'lr'^d  'i.eT  lb.    of  oil. 
.23 

1  lb. or  air  at  62OF  &i.d  atmospheric  Trecrure  Qcou-oies  11.8cu.ft. 

14  Its  OGGupy  14x11. P,  or  16r,  ou.ft. 

Thus  .047  lbs.  of  Kerosene  r^omire  165xD47,  of  7.8  cu.ft.  of 
air,  the  quantity  requiri^fl  rer  ninute  for  conduction  of  the  oil. 

Either  of  two  engines  could  be  used,  a  40  H.P.  z   cycle 
Westinghouse,  or  a  G'Zl^'ixlO,    7  H.P.  horizontal  Fairbanks  Gas  Engine. 
Due  to  its  107:er  precFJure  of  explosion,  and  the  advantage  of  one 
cylinder,  the  latter  was  chosen.  This  engine  hac  the  "hit  or  miss" 
ty-e  of  government.  At  the  pcoper  interval,  the  miss- fire  is  caused 
by  the  exhaust  ^al^e  rdmaining  open  during  the  suction  strode.  This 
allovrs  the  mixture  inl-^t  valve,  actuated  by  the  difference  in  press- 
ure to  remain  closed.  A  water  cooled  brake  pulley  is  keyed  to  the 
shaf ' .  This  is  surrounded  by  a  Prony  brake,  the  arm  of  which  rests 
upon  nuitable  scales.  Belted  to  the  engine  is  a  3"x4"  vertical 
single  stage  air  corapreosor  with  a  pulley  20"  in  diameter.  The 
pulley  of  the  angine  is  13"  in  diamfeter.  When  the  engine  is  running 
at  its  rate-;  speed,  250  r.p.ra. ,  the  ^ump  revolves  at  163  r.p.m. 

The  scheme  adopted  was  to  consume  tlie  least  tine  in  the  con- 
struction of  apparatus,  and  involved  the  pre' sure  of  explosion  to 
operate  a  piston  valve  allovring  oil  and  air  imder  pre  sure  to  enter 

the  cylinder.  A  spring  above  the  valve  regulated  th'^  duration  of 
port  openir.g  and  the  quantity  of  oil  used  per  stroke.  As  the  actual 
cnfd  from  the  DiesSl  engine  shoves  a  cross  between  ab  isothermal  and 
a  period  of  constant  pressure  during  the  addition  of  d)il,  it  is 
reasonable  to  suppose  there  will  be  enough  drop  of  pre;  cure  in  our 
case  to  allow  a  nice  regulation,  by  varying  the  initial  tension  of 
the  spring.  The  entire  valve  arrangement,  see  Tigji),    consists  Of 
a  vertical  cast  iron  cylinder  witli  a  1"  bore  tapped  to 
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size.  A  tempered  ground  tool  steel  piston  was  raade  to  all077Jan|air 
tight  sliding  fit.  As  may  be  seen  in  the  diagraan,  the  cylinder  is 
capped  at  both  ends,  the  lower  end  tapped  for  the  suppler  plpe|for  the 
oil  and  '.  ir  to  the  cylinder.  An  Iron  mesh  is  placed  at  the  bottom 
of  the  cap  to  spray  the  oil  as  it  enters  the  cylinder.  The  upper 
cap  is  tapped  for  a  3^8"  pipe,  which  is  threaded  :^or  4".  This  ipe 
serves  to  regulatgthe  initial  tension  of  the  60  pouAd  spring  and 
to  a"  low  a  vent  to  the  atmosphere  for  the  air  abo"^'e  the  piston. 
A  1/4"  oil  pipe  and  a  3/8"  air  pipelentp^r  this  cylinder  on  the  same 
level. 

This  arrangement  worked  perfectly,  the  piston  working  con- 
tinuosly  and  smoothly,  with  ^'dry  little  leaK-^.ge.  This  w?.s  accom- 
plished, however,  only  after  tempered  tool  steeljwas  used  in  place 
of  a  nu'aber  of  wrought  iron  and  cast  iron  pistons  which  stuck, 
after  a  few  moment :  use.  The  sticking  in  these  cases  was  found  tl 
be  d-ae  to  a  ilight  enlargement  at  the  end  coming  in  cdntact  with 
the  stop.  No  difficulty  whatever  w^^.s  experienced  with  the  valve 
when  the  piston  was  made  of  tool  steel.  Th^  whole  arrangement  was 
kept  cool  by  cont-tct  with  water. 

FigTire  (1)  shows  the  pii?ing  scheme.  Sections  of  4"  extra  heairy 
piping  were  used  for  the  oil  reservoir,  which  was  proporrtioned  to 
allow  a  t"7o  hours  run.  This  reservoir  was  to  be  supported  by  a 
suitable  prop  r*^sting  oti  scales.  It  rip.y   be  noted  that  the  oil 
would  have  a  slight  static  head  besides  the  pressure  of  250  pounds 
per  s'^uare  inch  required  in  the  entire  pipe  line.  Considerable 
difficulty  /as  encountered  in  attempting  to  maintain  this  pressure. 
The  slightest  leak  n   uld  cause  a  drop.  At  first  cylinder  oil  and 
g  raphite  was  used  on  the  oil  line  and  white  lead  on  the  atr  line 
to  prevent  leaky  joints.  These  held  at  100  pounds,  but  not  at  250 
pounds.  Litharge  abd  glycerine  was  finally  uded  with  good  effect. 
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A  considerable  amount  of  time  i?as  oonsuned.  In  locating  and  remedy"ing 
the  small  l^aT^s  which  caused  the  annoying  drop  in  pressure  from 
the  high  value  required.  We  were  finally  abl"  to  hold  300  pounds  in 
th-^'  pipe  line,  provided  the  valves  to  the  engine  were  not  onened. 

When  the  oil  reservoir  was  filled,  and  suf'ficient  pressure 
acGXunulated,  the  valves  to  t"ie  engine  -vere  opened.  The  small  piston 
worked  perfectly  at  every  explosion,  allov/ing  oil  and  air  to  enter 
but  NOT  IN  THE  PROPER  POINT  IN  -THE  STROKE. 

The  pressure  in  the  line  dropped  in:.iediatel3''  when  tire  ports  were 
uncovered.  This  resulted  in  the  oil  being  forced  bafefe  in  the  line 
tlJbl  late  in  tlie  expansion  stroke,  v/hen  it  was  sprayed  into  t:-e 
cool  gases.  The  same  effect  was  produced  as  w  ■.16.   take  place  if  oil 
were  poured  inta  the  intake  pipe,  i.e..  ghe  heating  value  of  the 
gas  mixture  was  increased.  This  was  shown  by  the  more  violent  explos- 
ions. No  other  ef-^ect  was  noted  on  the  Indicator  cardi  Diaphragms 
wtlili  saall  holes  were  placed  in  the  unions  with  the  ob^ject  of  hold- 
ing the  pressure.  When  they  were  small  enough  to  hold  up  the  pressurd 
they  'ould  not  allow  sufficient  oil  or  air  to  enter  to  produce 
noticeable  results.  The  slightest  egresc  for  air  cansedja  drop  in 
pressure  in  the  line  sufficient  to  prohibit  any  results  being  ob- 
tained. If  suf-^icieht  t-'me  had  remained,  >his  defect  could  have  been 
remedied  either  bji  providing  a  large:  extra  heavy  air  tank,  or  by 
substituting  a  new  pump  for  the  one  used. 

As  our  available  time  prohibited  obtaining  either  of  these,  we 
were  una'ble  to  determine  the  effect  on  the  indicate :»•  card,  crank 
effort,  or  ef-^ici4ncy,  due  to  the  oil  injection  at  the  proper  point 
in  the  cycle,  Prora  the  result^^  of  out  experience,  the  following 
recommendations  are  made  for  future  investigation  along  this  "'ine:- 

1.  Allow  plenty  of  time  to  overcome  unfordeen  difficulties.  It 
is  probable  that  one  of  tBese  will  be  caused  by  imperfect  combustion 
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13. 
Of  the  oil  with  a  result  of  clogged  valves  anri.  grinding  of  the 
cylinder.  This  might  "be  overcome  by  warning  the  oi~  and  heating  the 
air,  allowing  a  largg  excess  of  the  latter. 

2,  Select  the  second  method  of  a^tacX   enumer'teri,  i.e.,  pos- 
itive feed  of  oil  with  a  small  specially  constructed  pump  for  oil, 
the  pinton  of  whi&h  is  in  connectibon  with  the  main  shaft  in  the 
proper  intervals,  these  Intervals  beinti  governed  by  either  the 
inlet  or  exhaust  valve. 

It  is  with  reluetance  that  v/e  leave  this  most  interesting  and 
promising  cubgie-^t.  If  our  efforts  ser^^'e  in  a  small  way  to  stimulate 
further  invearbigation  along  this  line,  vk^   s&all  feel  that  our  time 
has  not  been  wasted. 
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